Abstract. The launch of NASA's HESSI satellite will provide solar scientists with ≥ 2arcsec imaging/≥ 2 keV spectroscopy of solar flares from ~10 keV to 10 MeV for the first time. We summarize recent developments in our understanding of solar flares based primarily on gammaray line measurements made over the past twenty years with instruments having moderate spectral resolution. These measurements have provided information on solar ambient abundance, density and temperature; accelerated particle composition, spectra, and transport; and flare energetics.
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ABSTRACT
The launch of NASA?s HESSI satellite will provide solar scientists with &#8805; 2arcsec imaging/&#8805; 2 keV spectroscopy of solar flares from ~10 keV to 10 MeV for the first time. We summarize recent developments in our understanding of solar flares based primarily on gammaray line measurements made over the past twenty years with instruments having moderate spectral resolution. These measurements have provided information on solar ambient abundance, density and temperature; accelerated particle composition, spectra, and transport and flare energetics. contrast the hard X rays reveal the footpoints of the loops where the accelerated particles interact. A hard X ray source also appears above the soft X-ray loop. This region may represent the location where the energy for the flare originates although particle acceleration may occur all along the loop structure [11] . The hard X-ray intensities from the foot points are often different from one another and have an inverse relationship with microwave emissions. This suggests that the electrons have a higher probability of impacting the solar atmosphere where the magnetic field is weaker. With the upcoming launch of the HESSI satellite that offers the promise of highresolution spectroscopy of solar flares [13] , we shall focus our remarks primarily on what has been learned from γ-ray line spectroscopy. Figure 2 shows the γ-ray spectrum of the 1991 June 4 X12+ solar flare (N30E70) observed by the Compton Gamma Ray Observatory (CGRO) OSSE experiment [14] . The captions describe how γ-ray line and continuum studies reveal the physics of flares [6, [15] [16] [17] [18] [19] . We use this figure to illustrate what has been learned about ion acceleration, transport, and interaction in flares. The spectrum covers the range from 100 keV to 10 MeV and exhibits an electron bremsstrahlung continuum that has a power-law shape extending to high energies. The continuum doesn't always follow a single power law. It often steepens or hardens above a few hundred keV, and sometimes further hardens ≥ 1 MeV [20] . Nuclear lines are superposed above the power law continuum. These include lines from de-excitation of directly excited nuclei and spallation products in the solar atmosphere after impact by flare-accelerated protons and α particles. Deexcitation lines from Mg, Si, Fe, Ne, C and O referred to in the figure are broadened by ~1-2% by nuclear recoil. The spectrum also contains very broad lines produced when flare-accelerated heavy nuclei impact atmospheric H and He. Two other prominent line features appear in the spectrum at 0.511 MeV and 2.223 MeV. These lines originate from positron-electron annihilation and neutron capture on H, respectively. Below we discuss our current understanding of the characteristics of nuclear lines and their relationship to the physics of solar flares. 
Narrow Gamma-Ray Line Studies
About 30% of all flares with emission >0.3 MeV exhibit clear evidence for nuclear lines. This evidence is usually provided by detection of the neutron capture line at 2.223 MeV or other strong narrow lines. The presence of a nuclear component may also be revealed by general characteristics of the spectrum such as hardening above ~1 MeV and steepening >7 MeV, where few nuclear lines are produced. Additional studies based on these characteristics indicate that an even higher percentage of highenergy flares have a nuclear component [21] (see also Young, et al. in these proceedings). Narrow γ-ray line observations are key to understanding the characteristics of accelerated protons and α particles at the Sun. They also provide information on ambient composition, temperature, and density of the flare plasma [6, 15, 19, 20] .
Hydrogen Neutron-Capture Line
The 2.223 MeV neutron-capture line is the most prominent line observed in spectra of flares that are not too close to the limb (see Figure 2 ). Because it is produced by capture of neutrons after they slow down deep in the solar atmosphere, the line is narrow, delayed in time, and significantly attenuated for flares near the limb. The line's narrow width and strength makes it an excellent indicator of the presence of ions in flares. It therefore has been used to search for a threshold in ion acceleration using combined data from SMM/GRS and CGRO/OSSE [22] and for continuous acceleration of ions during solar quiet times [23, 24] . Measurement of its intensity and temporal variation relative to prompt de-excitation lines has provided information on the spectra of ions above ~10 MeV and on the concentration of 3 He in the photosphere [25] . The latter measurements are possible because 3 He nuclei capture neutrons in competition with photospheric hydrogen and therefore affect the decay time of the 2.223 MeV capture line. Observations with SMM, GRANAT, CGRO and Yohkoh suggest photospheric 3 He/H ratios of ~ 2 -4 x 10 -5 [26] . These ratios are dependent on assumptions concerning the depth of interaction and solar atmospheric model, however.
Positron-Electron Annihilation Line
Positrons from decay of radioactive nuclei and high-energy pions annihilate with electrons to produce the 0.511 MeV line. Comparison of its intensity profile with those from de-excitation lines provides information on both the species of radioactive nuclei and the density of the medium where the positrons annihilate [15] . It is also an excellent diagnostic for flares that exhibit a distinct second stage during which the proton spectrum is hard enough to produce pions. A classic example is the 1991 July 11 flare observed by the EGRET, COMPTEL, and OSSE instruments on CGRO [10] . The annihilation line peaks in coincidence with the high-energy emission suggesting a π + origin [27] . Measurements of the 0.511 MeV line width and positronium continuum provide information about the temperature and density of the ambient material. The inset of Figure 1 shows the region of the annihilation line observed by OSSE. Detailed measurements of the line and continuum have been made in seven flares using the moderate resolution spectrometer on SMM [28] . We plot the measured 3γ/2γ ratio vs. line width in Figure 3 ; the curve shows the results of a calculation. The positronium continuum/line ratio in the flares are all significantly lower than that measured by SMM for the Galactic plane emission; these low ratios indicate temperatures >10 5 K in the flare plasma. The width of the annihilation line becomes broad enough to be resolved by SMM for temperatures >10 6 K; the line in flare '14' appears to have been formed at such high temperatures. There is also one flare, '9', for which the 3γ/2γ ratio falls significantly below the curve; this suggests a local density >10 14 cm -3 . 14 N/ 16 O (7.028/6.919). These lines were identified from the summed spectrum of 19 intense flares observed by the SMM spectrometer [28, 29] that we plot in Figure 4 .
Narrow De-excitation Lines
Our fits to some of the prominent de-excitation lines, e.g. 12 C, in this summed spectrum indicated widths that were about a factor of two larger than expected [6, 20] . We therefore studied whether this increase could be due to changes in the line energies from flare to flare. Not only was this true, but we also found that the fitted energy was dependent on the flare's heliocentric angle. We show this variation in Figure 5 where we plot the fitted energies of the 12 C, 16 O, 20 Ne de-excitation lines in flares grouped according to the cosine of heliocentric angle. The lines are Doppler-shifted by ~1% for flares near the center of the solar disk. Note that there is no significant redshift for the 2.223 MeV neutron capture line, which is formed at rest (other higher energy lines contribute near the limb where the line is weak). This is the first evidence for such a redshift in nuclear lines during flares and indicates that accelerated ions preferentially interact in a downward direction. We found flare-to-flare variations in relative line fluences in the 19 solar flares [29] , suggesting that the abundances of elements in the plasma group with respect to first ionization potential (FIP). Using these published line fluences, measured cross sections, and kinematical calculations, Ramaty, et al. [30] showed that the composition of the flare plasma is, on average, close to coronal. This is illustrated in Figure 6 where they compare the observed 24 Mg (low FIP)/ 16 O (high FIP) line ratios. A photospheric ambient abundance would require extremely steep accelerated particle spectra that are inconsistent with observations for most of the flares. However, flare '9' appears depleted in low FIP emission lines; this suggests a composition closer to that of the photosphere. As discussed in the section on positron annihilation above, there is other evidence for believing that the γ rays from this flare may have been produced at depths where the ambient composition was closer to photospheric. This suggests that flare particles may interact in plasmas with compositions ranging from those found in the upper photosphere to those in the corona. Recently reported spectroscopic measurements of flares with OSSE [14] suggest that the ambient composition may also change within flares. This implies that ions accelerated in different flares and at different times in flares may interact at significantly different depths in the solar atmosphere. This could happen, for example, if the height of magnetic mirroring increases with time. 
